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Osmotic stressAbstract High concentrations of salt (NaCl) in soils reduce plant growth and have enormous influ-
ence on nitrogen dynamics in the soil solution. However, addition of rice straw is expected to mit-
igate the effect of salinity on nitrogen cycling, therefore positively influencing plant growth. This
study describes how rice seedling emergence and early growth in a saline paddy soil can be improved
by adding rice straw to the soil and incubating the soil/straw mixtures for two months. I conducted
a short-term laboratory incubation and a plant growth experiment to evaluate the benefit of rice
straw addition to a saline paddy soil with respect to nitrogen availability and the associated growth
response of saline tolerant (BRRI Dhan47) and saline sensitive (BRRI Dhan28) rice seedlings. A
naturally saline paddy soil was collected from the coastal area of Bangladesh. The soil was then
incubated with rice straw (0%, 25%, 50%, 100%, and 200% of the straw yield) for two months.
After that, BRRI Dhan47 and BRRI Dhan28 rice varieties were sown in these incubated soils. Rice
seedlings were harvested after 14 days of sowing. My results indicated that raw rice straw addition
to saline paddy soil decreased the bio-availability of salt. Furthermore, BRRI Dhan28 responded
better than the BRRI Dhan47 to increased addition of rice straw to soil. Bulk soil pH declined
and nitrogen availability increased with increasing rice straw in addition to saline paddy soil. This
study concluded that rice straw can be a meaningful soil amendment to decrease harmful effect of
salt and increase nitrogen availability in a saline paddy soil.
 2016 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Salinity is becoming an increasing problem in the world.
About 25% of the world’s croplands are affected by salinity
(Miller and Curtin, 2008). Salt affected soils are generally scat-
tered throughout the world, with around 20% of the world’s
cultivated land (Summer, 2000) and 50% of cropland being
affected by various degrees of salinity (Flowers and Yeo,ddy soil.
2 T. Iqbal1995). Likewise, in Bangladesh, 20% of the country is coastal
area of which about 53% are affected by different degrees of
salinity (Haque, 2006). This salinity is the consequence of sea
level rise that causes intrusion of salt water into the rivers
and estuaries in the coastal area of Bangladesh (Uddin et al.,
2011).
Rice straw is an organic material available in significant
quantities for most rice farmers. Rice straw contains numerous
elements essential for plant growth, including nitrogen (N),
phosphorus (P), potassium (K) sulfur (S), and calcium (Ca).
(Gaihre et al., 2013). Approximately 40% of N, 30 to 35%
of P, 80–85% of K, and 40–45% of S taken up by rice remain
in the straw at crop maturity (Dobermann and Fairhurst,
2002). It also contains different biopolymers such as cellulose
(32–37%), hemicelluloses (29–37%), and lignin (5–15%)
(Conrad, 2002). These nutrients are released to soil through
mineralization processes and are, therefore, available for sub-
sequent crop growth (Byous et al., 2004). In many studies,
recycling of rice straw is reported to increase the organic car-
bon and nutrient contents in soil (Misra et al. 1996; Eagle
et al. 2000). Keeping all these factors in mind, an incubation
study was designed to investigate the effect of rice straw addi-
tion on change in nutrient status in a naturally salt-affected
saline paddy soil.
A previous study showed that how salinity influences the
decomposition of maize straw on the response of soil proper-
ties and nutrient dynamics (Wichern et al. 2006). Likewise,
another study showed that addition of rice straw only slightly
affected microbial properties and resulted in nitrogen mineral-
ization (Iqbal et al. 2016). However, there is only little infor-
mation available on how Bangladeshi saline paddy soil
influences the decomposition of rice straw addition on the
changes of soil properties and growth response of saline toler-
ant and saline sensitive varieties. In this perspective, Bangla-
desh Rice Research Institute (BRRI) developed an improved
rice variety, which is more salt tolerant than others. In this pre-
sent investigation the two varieties released by BRRI, the
BRRI Dhan28 (saline sensitive variety) and BRRI Dhan47
(saline tolerant variety) were used. Therefore, the present study
aims to do the following: (i) To investigate the effect of rice
straw addition to Bangladeshi saline paddy soils on changes
in selected soil properties, and (ii) to determine growth
response of saline tolerant (BRRI Dhan47) and saline sensitive
(BRRI Dhan28) rice varieties for the rice straw amendment in
saline paddy soil. It will be hypothesized that the BRRI
Dhan28 will be responded better than BRRI Dhan47 under
high rice straw added treatment. It will also be hypothesized
that rice straw amendment will increase nitrogen availability
in saline paddy soil.
2. Materials and methods
2.1. Collection and preparation of initial soil samples
The initial soil sample was collected from the naturally saline
paddy field at plough depth level (0–15 cm) immediately before
paddy rice transplanting stage. The samples were taken by
means of a spade from different locations covering the same
farmer’s field and mixed thoroughly to make composite sam-
ples. The composite sample was air-dried as well as ground
and sieved through a 2 mm mesh sieve and stored in a plasticPlease cite this article in press as: Iqbal, T. Rice straw amendment ameliorates har
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and chemical properties are shown in Table 1.
2.2. Collected soil site conditions
Dumuria is situated in the tidal floodplain of the Ganges Delta
in Bangladesh which is influenced by tidal cycles. The climate
is tropical monsoonal with moderately high temperature and
heavy rainfall during the Kharif season (April–September)
and scanty rainfall with a moderately low temperate during
the Rabi season (November–March). Average annual rainfall
is 1710 mm peaking in July and August. The average minimum
temperature is 12.5 C in January and the average maximum
mean temperature is 36.5 C in Dumuria Upazila of Khulna
district in Bangladesh (Bangladesh Meteorological
Department).
2.3. Background information about the naturally saline paddy
soil
Naturally saline paddy soil resulted from sea-level rise and
saltwater intrusion in Bangladesh. The naturally saline paddy
soils in Bangladesh were characterized by high concentration
of soluble salts and low organic matter content. The naturally
saline paddy soil was less than 4 dS m1 being within the tol-
erance of transplanted aman rice in the saline areas of
Bangladesh.
2.4. Collection and preparation of rice straw
Rice straw was collected from agronomy farm of the Depart-
ment of Agronomy and Agricultural Extension, University
of Rajshahi, Rajshahi 6205, Bangladesh. Collected rice straw
was BRRI Dhan28 variety. After collection it was placed in
an oven. Before cutting it was taken from oven and then it
was cut into tiny sized pieces. This was also placed in a desica-
tor before mixing with collected saline paddy soil.
2.5. Rice straw mixing procedure within soil
Coffee cup was used for this experiment. Size of coffee cup was
diameter 23 cm at top and diameter 11.2 cm at bottom and
height was 9.8 cm. Collected air-dried soil was placed in sepa-
rate coffee cup. A 300 g of soil was added in each cup. The
amount of rice straw was 0%, 25%, 50%, 100%, and 200%
dry weight of soil.
2.6. Incubation experimental procedure
After mixing of rice straw within soil, each cup was placed in a
growth chamber with a constant temperature of 25 C. Water
was maintained to field capacity. Each pot was placed within
growth chamber to decompose rice straw as well as release
nutrient from rice to the natural saline paddy soil under con-
stant temperature condition.
2.7. Plant material and seed germination technique
Two saline tolerant (BRRI Dhan47) and saline sensitive
(BRRI Dhan28) varieties were used as a testing plant. Seedsmful eﬀect of salinity and increases nitrogen availability in a saline paddy soil.
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Table 1 Properties of soils used in this study.
Soil
type
Site Location Electrical
conductivity (1:5
soil-water) (dS m1)
Water
holding
capacity
(%, w/w)
Soil pH
in H2O
(1:5)
Soil
organic
matter
(%)
N
(%)
P
(ppm)
K
(Cmol Kg1)
S
(ppm)
Zn
(ppm)
Alkaline Dumuria
Upazila
22.741N
89.5167E
3.7 71% 7.614 1.38 0.065 9.25 0.67 73.3 0.87
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Figure 1 Number of paddy rice seedling emergence of BRRI
Dhan28 and BRRI Dhan47 due to addition of rice straw in a
saline paddy soil. Vertical bar represents LSD (p < 0.05) for rice
straw  rice variety interaction.
Rice straw amendment 3were soaked for 30 h in de-ionized water. After that it was cov-
ered with cloth for sprouting that helps to maintain optimum
temperature. Seed was sprouted after 48 h.
2.8. Sowing
Pre-germinated seed were placed within the soil in each cup.
Each cup contained 8 pre-germinated seed. After that pre-
germinated seed were covered with the naturally saline paddy
soil.
2.9. Seedling growth condition
Seedlings were grown in open air in a temperature range from
24 to 35 C. Seedling growth period was 14 days. It was
expected that rice seedling can able to survive up to 14 days
of sowing without any additional nutrients or fertilization.
The soil was kept at field capacity (29% w/w) by weighing pots
during incubation and the growing period of rice seedlings.
Water was added to field capacity during seedling growth con-
dition. No basal nutrients and fertilizers were added in each
cup to avoid interaction between nutrients and rice straw. Seed
reserve nutrients were relied for seedling growth.
2.10. Seedling harvest
Seedlings were harvested at 14 days after sowing (DAS). Fresh
shoot weights were undertaken immediately after harvest.
After that shoots were stored in an oven at 70 C for 3 days
for determination of shoot dry weight.
2.11. Measurements of soil physical and chemical properties
Bulk soil/straw mixture was analyzed for nutrients and soil pH
after final harvest. The pH of the bulk soil was determined in
deionized water using a soil-to-solution ratio of 1:5. Organic
carbon of the bulk soil samples was determined by wet oxida-
tion method (Walkley and Black, 1934). Bulk soil organic mat-
ter content was determined by multiplying the percent value of
organic carbon with the conventional Van-Bemmelen’s factor
of 1.724 (Piper, 1950). The nitrogen content of the bulk soil
sample was determined by distilling soil with alkaline potas-
sium permanganate solution (Subbiah and Asija, 1956). The
distillate was collected in 20 ml of 2% boric acid solution with
methylred and bromocresol green indicator and titrated with
0.02 N sulfuric acid (H2SO4) (Podder et al., 2012). Bulk soil
available S (ppm) was determined by calcium phosphate
extraction method with a spectrophotometer at 535 nm
(Petersen, 1996). The soil available K was extracted with 1 NPlease cite this article in press as: Iqbal, T. Rice straw amendment ameliorates harm
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eter (Biswas et al., 2012). The available P of the bulk soil was
determined by spectrophotometer at a wavelength of 890 nm.
The bulk soil sample was extracted by Olsen method with
0.5 M NaHCO3 as outlined by Huq and Alam (2005). The
Zn in the bulk soil sample was measured by an atomic absorp-
tion spectrophotometer (AAS) after extracting with DTPA
(Soltanpour and Schwab, 1997).
2.12. Statistical analysis
Results were analyzed by a one-way or two-way analysis of
variance (ANOVA) using Genstat 12th edn for Windows
(Lawes Agricultural Trust, UK).
3. Results
3.1. Impact of rice straw addition on growth response to saline
tolerant and sensitive rice seedlings
3.1.1. Number of seedlings emerged
Result showed that the key effect of soil salinity has been
delayed for the reduction in seedling emergence. The rice straw
additions remarkably affect the emergence of paddy rice seed-
lings (Fig. 1). The emergence of rice seedlings increased due to
addition of rice straw. The number of paddy rice seedlingsful eﬀect of salinity and increases nitrogen availability in a saline paddy soil.
16/j.jssas.2016.11.002
Rice straw
0% 25% 50% 100% 200%
Pl
an
t h
ei
gh
t a
t h
ar
ve
st
 (c
m
)
0
2
4
6
8
10
12
14
BRRI Dhan 28 
BRRI Dhan 47 
Figure 3 Plant height at 7 days after sowing (DAS) of BRRI
Dhan28 and BRRI Dhan47 due to addition of rice straw in a
saline paddy soil. Vertical bar represents LSD (p < 0.05) for rice
straw  rice variety interaction.
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4 T. Iqbalemergence was highest at 200% rice straw addition followed
by 100%, 50%, 25% and 0% respectively. Interestingly, seed-
ling emergence for the BRRI Dhan28 did not significantly dif-
fer with BRRI Dhan47 at 100% and 200% rice straw added
treatment. However, the number of emergence of rice seedlings
was significantly higher in BRRI Dhan47 than BRRI Dhan28
in the 0%, 25% and 50% rice straw added treatment.
3.1.2. Plant height at 7 DAS
The plant height was largely affected by the rice straw (Fig. 2).
The height of rice plant of BRRI Dhan47 was highest at 200%
rice straw addition followed by 100%, 50%, 25% and 0%
respectively. On the other hand height of rice plant of BRRI
Dhan28 was able to be measured only in 200% rice straw
added pot and in case 100%, 50% 25%, and 0% rice straw
added treatment plant height was enabled to be measured at
7 DAS. So, height of rice seedlings was tended to be differed
in between BRRI Dhan47 and BRRI Dhan28 in the 0%,
25%, 50%, 100% and 200% rice straw added treatment.
3.1.3. Plant height at harvest
The plant height was largely affected by the rice straw percent-
age (Fig. 3). The height of rice seedlings of BRRI Dhan47 sig-
nificantly differs at 200%, 100%, 25% and 0% rice straw
added treatment. Interestingly, the BRRI Dhan28 did not sig-
nificantly differ with BRRI dhan47 at 50% rice straw addition.
3.1.4. Fresh shoot weight
The rice straw additions remarkably affect the shoot fresh
weight of rice plant (Fig. 4). The fresh shoot weight of rice
plant increased due to addition of rice straw within saline
paddy soil. The weight of rice plant was highest at 200% rice
straw addition followed by 100%, 50%, 25% and 0% respec-
tively. It is noticeable that in 0% rice straw treatment shoot
weight of BRRI Dhan28 is zero.
3.1.5. Shoot dry weight
The shoot dry weight of rice seedling increased due to rice
straw addition in both BRRI Dhan28 and BRRI Dhan47Rice straw
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Figure 2 Plant height at 7 days after sowing (DAS) of BRRI
Dhan28 and BRRI Dhan47 due to addition of rice straw in a
saline paddy soil. Vertical bar represents LSD (p < 0.05) for rice
straw  rice variety interaction.
Figure 4 Fresh shoot weight of BRRI Dhan28 and BRRI
Dhan47 due to addition of rice straw in a saline paddy soil. Plant
was harvested after 14 days of sowing. Vertical bar represents LSD
(p < 0.05) for rice straw  rice variety interaction.
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be higher than BRRI Dhan28 at 200%, 100%, 50%, 25%
and 0% rice straw added treatment. It is noticeable that in
0% rice straw treatment shoot weight of BRRI Dhan28 was
zero.
3.2. Impact of rice straw addition on nutrient availability status
and changes in bulk soil properties
3.2.1. Bulk soil organic matter
Bulk soil organic matter increases with the increase in rice
straw addition to soil (Fig. 6). The soil organic matter was
0.53%, 0.72%, 0.83%, 0.87% and 0.91% for the 0%, 25%,
50%, 100% and 200% rice straw addition to the soil.mful eﬀect of salinity and increases nitrogen availability in a saline paddy soil.
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Figure 5 Shoot dry weight of BRRI Dhan28 and BRRI Dhan47
due to addition of rice straw in a saline paddy soil. Plant was
harvested after 14 days of sowing. Vertical bar represents LSD
(p < 0.05) for rice straw  rice variety interaction.
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Figure 6 Changes in soil organic matter status due to addition of
rice straw in a saline paddy soil. Data were means of eight
replicates. Vertical bar represents LSD (p < 0.05) for rice straw
treatment.
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Figure 7 Changes in bulk soil pH due to addition of rice straw in
saline paddy soil. Data were means of eight replicates. Vertical bar
represents LSD (p < 0.05) for rice straw treatment.
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Figure 8 Changes in bulk soil nitrogen due to addition of rice
straw in a saline paddy soil. Data were means of eight replicates.
Vertical bar represents LSD (p < 0.05) for rice straw treatment.
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Figure 9 Changes in bulk soil phosphorus due to addition of rice
straw in a saline paddy soil. Data were means of eight replicates.
Vertical bar represents LSD (p < 0.05) for rice straw treatment.
Rice straw amendment 53.2.2. Bulk soil pH
Bulk soil pH decreases with the increase in rice straw addition
to soil (Fig. 7). The bulk soil pH was 8.17, 8.13, 8.1, 8.03 and
8.03 for 0%, 25%, 50%, 100% and 200% rice straw addition
to the soil.
3.2.3. Bulk soil nitrogen
Bulk soil nitrogen increases with the increase in rice straw
addition to soil (Fig. 8). The soil nitrogen was 0.03, 0.0.04,
0.043, 0.047 and 0.053% for 0%, 25%, 50%, 100% and
200% rice straw addition to the soil.
3.2.4. Bulk soil phosphorus
In general, bulk soil available phosphorus was higher in less
rice straw added treatment and lower in high rice straw added
treatment (Fig. 9). Interestingly, soil available phosphorus wasPlease cite this article in press as: Iqbal, T. Rice straw amendment ameliorates harmful eﬀect of salinity and increases nitrogen availability in a saline paddy soil.
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6 T. Iqbalhighest at 25% rice straw added treatment and tended to be
declined with the addition of rice straw.
3.2.5. Bulk soil potassium
Bulk soil potassium decreases with the increase in rice straw
addition to soil (Fig. 10). The bulk soil potassium was 0.62,
0.60, 0.51, 0.42 and 0.43 me/100 g for 0%, 25%, 50%, 100%
and 200% rice straw addition to the soil, respectively.
3.2.6. Bulk soil Zn
The bulk soil Zn tended to be declined with the addition of rice
straw to the saline paddy soil (Fig. 11). The bulk soil Zn was
highest in 0% rice straw followed by 25%, 50%, 100% and
200% rice straw added treatment.Rice straw
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Figure 10 Changes in bulk soil potassium due to addition of rice
straw in a saline paddy soil. Data were means of eight replicates.
Vertical bar represents LSD (p < 0.05) for rice straw treatment.
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Figure 11 Changes in bulk soil potassium due to addition of rice
straw in a saline paddy soil. Data were means of eight replicates.
Vertical bar represents LSD (p < 0.05) for rice straw treatment.
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4.1. Rice straw reduces bio-availability of salinity from saline
paddy soil
Additions of rice straw alleviate salt effect from the saline
paddy soil. This finding confirmed from the increased growth
response of saline sensitive variety of BRRI Dhan28 with the
addition of rice straw. My results showed that the addition
of rice straw increases the growth response of BRRI Dhan28
seedlings which was saline sensitive variety. The number of
plant emergence did not differ significantly (PP 0.05) between
saline sensitive (BRRI Dhan28) and saline tolerant (BRRI
Dhan47) rice varieties for the 100% and 200% rice straw
added treatment (Fig. 1). It indicates that rice straw amelio-
rates harmful effect of salt in this saline paddy soil. A similar
observation was found from another study conducted in other
coastal areas of Bangladesh (Kaniz and Khan, 2013). They col-
lected soil sample from Amtali upazila in Barguna district
which was located between 20.15080 N latitude and 90.12640
E longitude. Their soil was silty clay loam affected by various
degrees of salinity, EC 3.36 dS/m, pH 5.35, Turbidity 940 mg/
kg, Organic Carbon 1.53%, total N 0.082%, available ammo-
nium N 14.55 mg/kg, available nitrate N 33.95 mg/kg. They
found that application of rice hull increased growth and yield
contributing characters of BRRI Dhan47. They also suggested
that the application of rice hull is effective in improving the
adverse effect of salinity and yield performance of BRRI
Dhan47.
The saline sensitive rice variety (BRRI Dhan28) prolifer-
ated in its roots and shoots due to addition of rice straw in this
saline paddy soil. The rice seedling height for both 7 days after
sowing (DAS) and harvest reached double for the maxim rice
straw treatment. Similarly, shoot dry weight and fresh shoot
reach 0–0.03 g and 0–0.15 g at maximum rice straw added
treatment. These finding indicates that addition of rice straw
to saline paddy soil reduces the bio-availability of salinity in
this saline paddy rice soil. Likewise, other study found that
addition of 1 g kg1 of soil wheat straw lowers EC value 6%
in a naturally salt-effected soil (Mahmood et al., 2013).
Another study showed that the EC values reduced 2.87 dS m1
to 1.95 dS m1 is a naturally saline soil due to application of
rice straw (Mahmood et al., 2009). Similarly, Iqbal et al.
(2016) found that addition of rice straw reduced the salinity
within Bangladeshi saline paddy soil. They speculated that rice
straw amendments mitigated the negative effect of salinity
probably of its low availability to soil microorganisms and
the low amounts added (25 and 50% of straw yield). They also
found that soil fungi which might better cope with rice straw as
a substrate are generally very low level in this saline paddy soil.
This may be caused the decrease in the harmful effect of salt
with rice straw amendment.
These finding also confirmed that rice straw addition to this
naturally saline paddy soil decreased the bio-availability of
salinity proved from the growth response of BRRI Dhan28
seedlings. Also, there may be possibility that the extent of
the decomposition of the rice straw was increased when added
at the different rates due to incubation at field capacity at
25 C. This may well have a bearing mechanisms involved in
the amelioration of the impact of soil salinity on the sensitive
seedlings.mful eﬀect of salinity and increases nitrogen availability in a saline paddy soil.
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Rice straw amendment 74.2. Seedling is a tool and its effect on age for the critical salinity
level
Seedling growth and age indicates the critical level of salinity.
The number of seedling emergence significantly differed
between BRRI Dhan28 and BRRI Dhan47 up to 50% rice
straw added treatment. However, seedling emergence did not
differ between BRRI Dhan28 and BRRI Dhan47 for 100%
and 200% rice straw added treatment (Fig. 1; Table 2). This
indicated that the seedling has the ability to grow in this crit-
ical salinity level. This also indicated that both BRRI Dhan28
and BRRI Dhan47 rice seedlings were also able to sustain in
the same soil condition that resulted from nitrogen availability
and reduction in bio-availability of salinity in this saline paddy
soil. Regardless of that both BRRI Dhan28 and BRRI
Dhan47 may very sensitive to salinity during seedling stage
and it impairs seedling growth and establishment. Reduced
seedling growth is a common phenomenon when grown under
increased salinity condition. For example, the deleterious effect
of salinity on the growth of rice was noticeable only in the
seedling stage. At the seedling stage, rice is sensitive to salinity,
but loses some of this sensitivity during more advanced stages
of growth (Thawornwong and Diest, 1974). Therefore, seed-
lings are the most sensitive stage of growth of plants to salinity.
4.3. Seedling survival and growth
Plant height at 7 days after sowing (DAS) data indicated that
both BRRI Dhan28 and BRRI Dhan47 seedlings were not
measurable up to 50% rice straw added treatment (Fig. 2).
The impact of salinity was great for the BRRI Dhan28. This
finding confirmed that the BRRI Dhan28 seedlings were very
sensitive to salinity during early seedling growth stage. My
speculation is that rice seedling growth depends on both salt
concentration and time of exposure. At low salt concentration,
longer exposure times were needed to produce measurable
effects. Likewise, there may be possibility that it was due to
the extra water that could be held in the soil/straw matrix
which effectively diluted the salt in the soil, reducing the osmo-
tic stress on the sensitive germinating seed and growing seed-Table 2 Significance levels from the analysis of variance for the main
wheat seedlings.
Source of variation Seedling emergence Plant height at 7 DAS
Variety n.s. ***
Straw * ***
Straw  Variety n.s. ***
Where n.s.,*, ** and *** represent probability of >0.05, 60.05, 60.01 a
Table 3 Significance levels from the analysis of variance for the eff
Source of variation Bulk soil pH Soil nitrogen Soil phospho
Rice straw * ** n.s.
Where n.s.,*, ** and *** represent probability of > 0.05, 6 0.05, 6 0.01
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reduced seedling survival (Zhang et al., 2013). They have
found that rice seedling survival was reduced about 30% at
3.0 dS/m level of salinity and 20% at 1.9 dS/m level of salinity.
Both their study confirmed that rice is very sensitive to salinity
during early seedling growth and that EC levels in standing
water as low as 1.9 dS/m may affect growth and development.
These findings indicated that there is no critical point of salin-
ity where plants fail to grow. As the salinity increases growth
decreases until plants become chlorotic and die. This is because
the osmotic pressure of the soil solution increases as the salt
concentration increases. Apart from the osmotic effect of salts
in the soil solution, excessive concentration and absorption of
individual ions may prove toxic to the plants and/or may
retard the absorption of other essential plant nutrients.
4.4. Rice straw reduces bulk soil pH and increases nitrogen
availability
Rice straw amendments to soil reduces soil pH and nitrogen
availability within the bulk soil. Initially, soil pH was 8.17.
But, due to 200% raw rice straw addition it was down to
8.03. Thus bulk soil pH reduces 0.14 units for the maximum
amount of rice straw addition to the saline paddy soil. The
reduction of bulk soil pH was started when 25% raw rice straw
was added to saline paddy soil. The bulk soil pH becomes
decline with the addition of rice straw (Fig. 7; Table 3). Since
the application of rice straw decreases soil pH, partly due to
the decomposition of organic matter. In contrast, nitrogen
availability in bulk soil increased due to addition of raw rice
straw. Similarly, a study showed that the total soil N concen-
tration increased by 10.4% due to incorporation rice straw in a
paddy soil (Wang et al., 2015). My findings showed that soil
nitrogen percentage reached 0.033–0.053% due to additions
of 200% rice straw (Fig. 8). Likewise, other study showed that
initial soil pH 8.27 reached to 7.36 due to 5% raw rice straw
amendment [weight/weight (w/w)] (Li et al., 2013). This exper-
imental soil was Ansai (36510N, 109190E) collected from
Shaanxi Province, China. Based on pedogenesis and soil tax-
onomy, this soil was also classified Loessi-Orthic Primosols.
They also found that ammonium nitrogen (NH4
+-N) increasedeffects on growth response of BRRI Dhan28 and BRRI Dhan47
Plant height at harvest Shoot fresh weight Shoot dry weight
* ** *
*** *** ***
n.s. n.s. n.s.
nd 60.001. Values were means of three replicates.
ect of various rice straw addition to bulk saline paddy soil.
rus Soil potassium Soil organic matter Soil available Zn
*** *** *
and 6 0.001. Values were means of three replicates.
ful eﬀect of salinity and increases nitrogen availability in a saline paddy soil.
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8 T. Iqbal0.38–1.47 mg/kg and nitrate nitrogen (NO3
-N) increases 17.9–
31 mg/kg due to addition of same raw rice straw in the same
soil. This could be due to reason that rice straw addition
increases N availability to this saline paddy soil that resulted
in decrease in soil pH.
Long-term incubation effects on rice straw application
improved N availability. The improved N availability was
attributed to N mineralized from the added rice straw. Other
researchers speculated that improved N availability upon rice
straw application was due to reduced nitrification-
denitrification losses (Asten et al., 2005). Likewise, Rath and
Rousk (2015) argued that the slight increase in inorganic N
might rather have been caused by the release of NH4
+ from
clay minerals from Na+ available in saline soil. Our specula-
tion is that rice straw decomposed due to long-term incubation
that resulted in increase N availability in the saline paddy soil.
4.5. Nutrient dynamics
Soil extractable P increases at 25% rice straw added treatment.
After that it tended to be declined with the addition of rice
straw (Fig. 9). This could be due to the reason that rice seed-
ling takes up more P from soil for its growth and development,
as rice seedlings become prominent in the high straw added
treatment that resulted in more P uptake from the saline paddy
soil. A study speculated that the incorporation of rice straw
within saline soil increase the activity of phosphatase (Liang
et al., 2003). Similarly, bulk soil K also declined with the addi-
tion of rice straw added treatment. In contrast, bulk soil N
increased with the addition of rice straw addition to soil. Like-
wise, bulk soil organic matter increased due to addition of rice
straw. Although bulk soil available P and K were declined N
was not declined. This could be due to the reason that during
mineralization process rice straw releases more N from this sal-
ine paddy soil. This may result in excess N was available in this
saline paddy soil and even N was also taken up by rice seed-
lings. Regardless of that rice straw contains numerous ele-
ments essential for plant growth including N (Zhang et al.,
2013). Following the decomposition of rice straw, many of
these cation nutrients may release back into the soil solution
which in turn increases the N availability in this saline paddy
soil.
Rice straw amendment increases growth response of both
BRRI Dhan28 and BRRI Dhan47 (Fig. 3). This could be
due to reason that rice straw release nutrients from the saline
paddy soil that resulted in improved growth of both BRRI
Dhan28 and BRRI Dhan47, regardless of that P and K uptake
by rice seedlings which cause less availability of P and K in the
saline paddy bulk soil.
5. Conclusions
This study demonstrated that rice straw addition to saline
paddy soil reduces bio-availability of salinity. This proved
from the seedling growth performance of saline sensitive rice
variety BRRI Dhan28 on the rice straw added treatment.
Our findings also demonstrated that the growth response of
BRRI Dhan28 and BRRI Dhan47 did not significantly differ
at highest rice straw added treatment. This happened due to
reduction in harmful effect of salinity within the saline paddy
soil for rice straw amendment.Please cite this article in press as: Iqbal, T. Rice straw amendment ameliorates har
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10This study also demonstrated that raw rice straw amend-
ment to the saline paddy soil reduces bulk soil pH and
increases N availability in this saline paddy soil. The addition
of raw rice straw to soil also increased bulk soil organic matter
in this saline paddy soil. Thus, this study concluded that rice
straw amendment can reduce harmful effect of salinity and
increase N availability in saline paddy soil.
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